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I. THE PiiODUOTION OF PA PER FROM CSRiSAL STRAVvS 
INTRODUCTION 
Authorities agree that there are in excess of 
150,000,000 tons of cornstallcs and 70,000,000 tons of 
cereal straws produced annually in the United States {1){19) 
(20) (21) (22) (23), Chemical analysis of these materials shov/s 
approximately 35 to 45 per cent cellulose, very closely 
resembling v;ood and cotton cellulose in chemical and physical 
qualities; 15 to 25 per cent pentosan; and 25 to 35 per cent 
lignin. 
There has been a heated discussion over a period 
of years as to -whether the present national timber resources 
and reforestation can supply the rav; material for the 
cellulose industry. Statistics are that over 60 per cent of 
the 7,000,000 tons paper consumption is imported either as 
paper, paper pulp, or pulp wood (5)(19); and that even with 
this importation the forested areas are constantly decreasing. 
The redaction in forest areas probably has a 
profound influence on stream fiov/, ground water, and soil 
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erosion. Forests undoubtedly play a part in the relaying 
and retention of the meteorologic continental water reserve. 
The use of agricultural v.-astes, •'Aihich occur far in excess of 
the total cellulose demand, would permit a regain in forest 
areas. 
Independent of the reforestation problem, agricultui'-
al vjastes are an attractive raw material for industry. They 
occur in high concentration on the same areas annually and 
are adjacent to the final market for a large part of the 
articles v;hich can be produced. Agricultural vjastes are more 
easily reduced by chemical and physical means to cellulose, 
lignirij and pentosan, than pulp wood. Both pentosan and 
lignin can be readily isolated from the v/aste liquor of 
paper manufacture if a suitable process is follovied. 
This thesis covers a thorough investigation of the 
manufacture of paper from cereal straws and cornstaliis by the 
kraft, the soda, and other processes, using coirimercial paper 
manufacturing methods modified to the extent required by the 
difference in physical character between these materials 
and wood. The studies v^ere conducted at the Ames Field 
Station of the U. S. Bureau of Standards and are now included 
in the projects of the Agricultural By-Products Laboratory 
of the U. S. Department of Agriculture at ;uiies. isach of 
these government bureaus worked co-operatively Vifith the 
Iowa State College Engineering lixperiment Station. 
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PAPBR FROM WIiSAT, OAT, AIv[D .1Y2 STRAvVS BY A 
MODIFIED ICRA-FT PROCSSS 
Prom July 1930 to July 1932, the staff of the 
Ames Field Station of the U. S. Bureau of Standards, 
studied the production of bleached paper from wheat, oat, 
and rye straws. 
There are many factors vshlch act simultaneously to 
affect the final chemical and physical properties of paper. 
These factors malce the problem of paper research very 
complex. Conditions of digestion and bleaching act together 
to determine the quality of the cellulose. Conditions of 
digestion, of refining, and of bleaching, determine the 
physical character of the cellulose. 
The production of paper from agricultural waste 
materials is an even more complex research because of the 
presence of widely different types of fiber (i.e. pith and 
cortex fibers), each of which has a different reaction to 
processing. The bulkiness, compared vdth the dense structure 
of wood,increases the difficulties. Naturally occurring 
dirt necessitates special care in screening and dirt removal. 
- 7 -
Equipment 
A description of the apparatus used in the 
research is as follows; 
Digester. A twelve gallon steel pressure digester 
heated indirectly with steam by means of a jacket and 
external tubular heater was used, An expansion chamber was 
mounted on top of the digester so the linuor would have 
space to expand during the digestion. 
Beater. Tine beater was a twelve and one-half 
pound iron tub beater in which the roll and bedplate were 
equipped with steel bars. The roll was equipped for close 
adjustment above the fixed bedplate. 
Screen. Tiie screen v;as a standard slotted bronze 
diaphragm, screen plate mounted in a jig type screen box. 
Concentrator. The concentrator was a special 
Trommel type rotary pulp screen mounted on trunnions. A 
spiral baffle v/as built inside the cylinder of the screen 
to retard pulp flovir, 
Gentrifuaal separator. The centrifugal separator was 
a solid bastet centrifuge containing horizontal concentric 
baffles to retain the dense particles and to allow the pulp 
to pass. 
Sheet machine. The sheet machine was a nine by 
twelve inch removable 80~mesh sheot frame mounted on a 
suction box four inches deep. Above the frane vms placed 
a four-inch mould. 
Sheet press. The sheet press v;as a nine by 
twelve inch hydraulic press built for a v^orlcing pressure of 
200 pounds per square inch, 
paper dryer. The paper dryer vjas a ten-inch 
diameter by fourteen-inch steaju heated roll carrying a heavy 
paper machine guide felt. 
Hevievv' of Cereal straw Studies 
The partially completed studies on cereal straws, 
reported by .'.'ingfield (29), are reviewed for the reader*s 
convenience because the procedure used in this thesis v/as 
developed from the experience obtained from //ingfield's work 
Conditions of digestion by modifications of the kraft proces 
conditions of refining, of bleaching, and of cleaning; and 
physical test data are included. 
Wheat straw 
Physical tests; fold, burst, tensile, color, 
cleanliness and fiber examination, were used as the basis 
of comparison. 
Cooking studies 
vvater digestion at atmospheric pressure. 
i/ashing after water digestion. 
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Cooking time - 1/2 to 5 hours. 
Ratio of NagS to NaOH. 
NagS variation - 1 to 3^. 
NaOH variation - 5 to 11'^. 
Chemical concentration in water - 0.9 to 1.4^'s. 
Digestion te:aperature - 149®G. 
•hashing after digestion, 
Beatinp; studies 
Time of beating - 45 to 120 minutes. 
Roll setting - 0.03 to 0.003 inch. 
Beater bleach - 3 to izfo chlorine. 
Screeninp; (151 
Slot size - 0.004 to 0.008 inch. 
Diaphragm speed - 400 to 800 per minute, 
iiriplitude of vibration - 0.6 to 1.5 inches. 
I'ines precipitated by bleach solution. 
,Vhite water rocirculatod. 
Agitation by Jets of returned v.'hite water. 
Centrifugal separation 
Consistency - 0.1 to G.B-I. 
'{ate of flovi with 0 to \'jZ inches total head. 
Centrifugal speed - 200 to 800 r.p.ra, 
iSfficiency of separation - 85^ dirt removal 
in a single pass. 
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Bleachiiiig studies 
Multiple stage vms better than single. 
Bleaching time - 24 hours to 44 hours. 
Bleach concentration - 9 to 12^ available chlorine. 
Intervening washes were an advantage. 
Jordan studies 
Consistency - 0.2 to 0.8?o. 
nate of flov; - 5 to 15 gal. per minute. 
Plug setting - from cutting to 0.05 inch. 
Recirculation gave added Jordan effect. 
Paper forming 
Improvements on paper mould - mould changed 
from sheet removal by blotting paper to suction 
removal. 
jlnlargement of paper mould and hydraulic press -
8 by 6 inch mould and 8 by 8 inch press enlarged 
for 9 by 12 inch sheets. 
Fiber loss in sheet forming was 2>o. 
Figure 1 shows the concurrent effect of variations 
in sodium sulfide and of variations in caustic in the digest­
ion of Yi?heat straw as indicated bj changes in yield, tensile, 
burst, and fold tests. These curves are virtually a space 
diagram. An actual three dimensional diagram was used but 
it requires experience for the interpretation. 
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Oat straw 
During the research work, a standard routine was 
developed. This v^as adhered to strictly, except for the 
single factor under study. 
Twelve pounds of whole, air-dry, straw (approximate­
ly lofo moisture), was charged into the cooker with 106 pounds 
of water and given a one hour digestion at 100®G. The charge 
was drained and washed v^ith three batches of water. Fresh 
water and dissolved Na^S and NaOH were added to the steeped 
straw and the mass was then cooked for three hours at 147®C. 
Air and non-condensable gases from the cooker were bled from 
the top of the expansion chamber, from time to time, during 
the cooking period. Chemical digestion was followed with 
seven batch vmshes, A pulp sample was dried and the yield 
was calculated from this sample. The charge was placed in 
the boater with 4^ chlorine, based on the cook yield. A 
90 minute beat on the following schedule was used; 
I-Iand wheel turns 10 5 4 3 2 1 
Minutes 10 10 10 20 20 20 
A total of four hours was allowed for bleaching 
action in the beater to complete this step of bleaching. The 
pulp was screened through 0.004 inch slots. The vjhite water 
was returned from the concentrator to the screen. The 
centrifugal separator was interposed between the screen and 
- 13 -
the concentrator and the stock leaving the screen passed 
through the centrifugal separator removing sand and dense 
particles. The pulp was returned to the beater for 
additional bleaching, using 4^ chlorine for 16 hours, and 
2,fo chlorine for 84 hours, 
jVfter a thorough washing, an aliquot of the pulp 
was used for yield determination, a second for Jordan 
treatment and test sheets, and the remainder of the pulp was 
made into lap for storage. 
The sheets were trimmed, conditioned, and given 
burst, fold, and tensile tests. The numerical tost values 
v;ere corrected on a weight-ratio basis for deviations in 
the weight of the Individual hand sheets from a standard 
50 pound ream weight, 
figure 2 shows the concurrent effect of variations 
of sodium sulfide, and variations of caustic, in the 
digestion of oat straw, as indicated by changes in yield, 
burst, and fold tests. 
Rye straw 
Again making use of the standard procedure used 
in the wheat and rye stravi studies, p.ai'allel studies and 
comparisons were made on rye straw, varying the NaOH concen­
tration against 1, 2, and Z'fo of Na^S. The paper making 
procedure, the testing, and the method of recording, were 
the same as in the preceding studies. 
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Figure 3 shows the concurrent effect of sodium 
sulfide and of the variation of caustic in the digestion 
of rye straw, as Indicated by changes in yield, tensile, 
burst, and fold tests, 
Wheat straw checlc tests 
Since there v/ere improvements in procedure and 
in equipment during the oat and rye straw studies, a brief 
series of cooks, at approximately the optimum range of 
conditions, was made to check the earlier work on wheat 
straw data. 
Barley straw 
Time enough vms afforded for one or two cooks 
on barley strav/, but these trials indicated that it is 
between oat and rye strav/s in Its pulping and paper making 
characteristics. 
Flax straw 
Two preliminary digestions of flax straw indicated 
it contained two widely divergent types of fiber, that in 
its ripe state a dual chemical digestion would be necessary 
for economical processing, and that the cortex fiber would be 
quite difficult to bleach. 
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DJjlSIGN OF A WHSAT STRAW PAPISR MLL 
At the conclusion of the studies on cereal stravi/s, 
it was felt that sufficient information had been obtained 
to outline a process and make the necessary calculations 
for a commercial size paper mill. 
Calculations 
Fourdrinier Data 
Trim 140 in, or 11,67 ft, 
.Veight per sq, ft, of 40 lb, paper 
17 in, X 22 in. x 1000 sheets = 40 lb, (air-dry -
10;?^ moisture). 
V^eight 1 sq. ft. paper = 
144 sq. in. X 40 lb, x 0,90 bone-dry 
17 in, X 22 in, x 1000 sheets 
(1) = 0,01387 lb, bone-dry pulp 
Fourdrinier Daily Production 
11,67 X 600 ft./min, x 60 min,/hr, x 24 hr. x 0.01567 
gQQQ lb,/"ton 
(2) 69,1 tons bone-dry pulp/24 hrs. 
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Table I 
Process Yields 
litem Process 
Experimental 
Yield i 
Tons per 
24 hours 
: A Straw - air dry 111.0 178.6 
: B Straw - bone dry 100.0 160.8 
: G Cooked straw 55.0 88.5 
: D Beater yield 52.0 83.6 
; E Flat screen yield 51.0 
o
 * 
CC
J CO 
: F Gentrifiner yield 50.5 81.2 
: G Concentrator yield 49.5 79.6 
: H Second bleach yield 47.0 75.6 
: I Final bleach yield 45.0 72.4 
: J Paper yield 43.0 69.1 
Gookinp; Data 
(3) Steep; 
Water 108 lb,/l2 lb, x 178.6 ton = 1608 tons 
Wasli water 108 lb, - (25^ x 10.8 lb.) = 105 lb. 
105 Ib./10.8 lb, X 160.8 tons = 1397 tons/wash 
Suggestion: 3 washing stages, batch counter current 
washes and storage 
- 19 -
^Experimental Steep '.Vash iiixtraction Ouryg (Figure 4) 
105 Ib./108 lb, = 0.971 extraction ratio 
Steep 1st .vash 2nd Wash 3rd Wash 
Total dixtract 0.971 0.998 0.9999 0.999997 
First wash can be used repeatedly: 
99.8!^ " 97.1$^) = 2.70 = 14.2 or 14 tliues 
99.99'^ - 99,8f£>) 0.190 
Kraft Cools: Data 
Water (108 lb./l2 lb.) x 178.Q tons = 1608 tons 
NagS (2.5^ of air-dry strav;) 0.025 x 180.8 tons = 
4.015 tons 
NaOH (7.5;^ of air-dry stravj) 0.075 x 150.8 tons = 
12.045 tons 
Total Inorganic salts 16.06 tons 
Heeovery Data (experimental) 
108 lb, v^ater + 1.2 lb. salts + 12 lb, straw = 121.2 lb. 
,i'Gt pulp from cooker = 45 lb. 
10.8 lb. x 0.55 yield = 5.9 lb. air-dry pulp 
from cooker 
10.a lb. - 5.94 lb. = 4.86 lb. organic in liquor 
108 lb, ~ 39.06 lb. = 68,94 water drains from pulp 
121,2 lb. - 45 lb. = 76.2 removed from charge 
76,2 Ib,/I2l.2 lb. = 0.633 theoretical extraction ratio 
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Table II (Figure 5) 
Dilution la .Vashes After Steep 
; Vt'ash ICxtract Total Remains : 
: Cook liouor 63.30 63.30 36.70 : 
: 1 23.20 86.50 13.50 : 
: 2 8.50 95.00 5.00 : 
: 3 3.17 98.17 1.83 : 
: 4 1.14 99.31 0.69 ; 
• 5 0 . 44 99.75 0.85 : 
• 6 0.16 99.91 0.09 : 
1.2 lb. inorganic salts in 120 lb. charge = l.OOJ^ 
75 lb. drains/120 lb, charge = 0.633 extraction 
Table III (Figure 6) 
Total Solids in Washing After Kraft Cook 
; Wash 
Total 
Extract 
io Solid 
Extracted 
jo Total 
Extracted 
% 
Remains 
fo  :  
Gone. ; 
:Gook liquor 76 3.84 3.84 2.22 5.06 ; 
i 1 152 1.41 5.25 0.81 3.46 : 
: 2 228 0.51 5.76 0.30 2.53 : 
: 3 304 0.19 5.95 0.11 1.96 : 
: 4 380 0.07 6.0E 0.04 1.58 : 
: 5 456 0.03 6.05 0.001 1.33 : 
: 6 532 0.01 6.06 0.006 1.14 : 
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Inorganic 1,20 lb, 
4«86 lb, 
6,06 lb. 
Total charge 120 lb. 
Organic 10,81 - 5,96 yield = 
Total solids 
Table IV (Figure 6) 
Total Extract in .Yashing After Kraft Cook 
Wash 
Total 
V/ei^ht 
Weight 
Extracted 
Total 
Extract 
Salt 
Hemains 
Total 
Cone. ^  
Oook liQUOir 76 .76 .76 .440 1.000 
1 152 .278 1.058 .142 . 695 
2 228 .090 1.148 .052 .504 
3 S04 .033 1.181 .019 .388 
4 380 .012 1.193 .007 .185 
5 456 .004 1.197 .003 .065 
6 532 .002 1.199 .001 .019 
HgO - 900 grams, oollds - 225 grains. NagO - 60 craras, 
Coiabustible - 112.5 grains, 6,500 B.t.u./lb, (24) 
Then 1 lb, of combustible evaporates 8.01 lb, Vifater, 
or 11,1^ is necessary for self evaporation (above 
conditions) of the cook liquor. 
. 
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Table V 
Summary of Data on Washing After Kraft Cook 
: : Cook 
: VJash :Liauor 1 2 3 4 5 6 : 
• • 
:Total solids 'fo: 5.06 3.46 2.53 1.96 1.58 1-33 i.ui 
:Inorganic % : 1.00 0.70 0.50 0.39 0,19 0.07 0.02; 
« • 
•  m  
: Combustible fo  : 4.06 2.76 2.03 1.57 1.39 1.26 1.12; 
Self evaporation is the practical condition 
attained in soda and kraft liquor recovery when the 
heat liberated in burning of the combustible material 
present in the spent liquor is sufficient to balance 
the heat necessary for the evaporation of the vjater 
present. Eleven per cent combustible is reported 
sufficient in v/ood pulp practice. To attain the com­
bustible material necessary for self evaporation of 
the above cook liquors, since the concentration of 
all washes is below 11.0^o» repeated use is required: 
Table 71 
Number of Repeated Uses of vVash v'/ater Necessary 
Tor 11^ Combustible Solid Content 
Wash 
^ Self 
Evaporation 
Combustible 
Concentration 
Times : 
Used : 
Cook liquor 11.0 4.06 2.73 *: 
(10) 1 11.0 2.76 4.02 : 
(11) 2 11.0 2.03 5.45 : 
(12) 3 11.0 1.57 7.07 : 
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(13) Digester Design 
The digester should be of the sulfite type and should 
be discharged by blowing out the pulp. It should be 
unlined for kraft ooolc. The coolc liquor should be heated 
and circulated through an external tubular heater using 
entirely indirect steam for cooking. 
Volume (Fijscure 7); 
(IS) Digester Body •- 0.785(14) x £7 ft, = 4160 cu, ft, • 
Digester cap [assume V = l/2(vol, cone + hemisphere)] 
Gone - 0.785(14)^ x 12/3 ft. = 615 cu, ft. 
1/2 Sphere 4 x 3.142 x (7 ft.)^ = 718 cu. ft. 
Gone volume 515 cu. ft, 
1/2 Sphere volume718 cu. ft. 
(14) Digester Gap 1333 cu, ft./2 = 666 cu, ft, mean 
(15) Digester Bottom Gone - 0,785(14)^ x 16 ft,/3 = 821 cu,ft, 
(17) Digester Volume 5647 cu, ft, or 
(18) 5647 cu. ft, X 1728/231 = 42.200 gal. 
Cooking Gyole 
Atmospheric steep 1 hr. 
Cook 3 hr. 
Charging, blovj, and up 
to pressure 2 hr, 
(19) Total cycle 6 hr. 
Cycles per day - 24 hr,/6 hr, = 4 cycles 
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Ghoosa 4 digestei's; 
4 cycles x 4 digesters = 16 cooks por day 
178.16 tons/16 cooks = 11.16 or 12 tons per 
digester load, 
42.200 p;al. = 21.1 ton digester 
1 gal./lb. X SGOO lb./ton capacity (18) 
But, from above, 12 ton digester only is required. 
(20) (14 ft.f = 21.1 ton 
^ 12 ton X = 10.5 or 11 ft. digester 
diameter 
(21) (11 ft. Volume Volume = 26.150 gal. 
(14 ft.)2 42,200 gal. 
Actual Digester charge: 
13,07 tons air dry-straw 
26,150 gal. water 
1.307 tons chemical 
0,980 tons NaOH (G.P. amount) 
0,327 tons NagS (C.P. amount) 
Beating ilquipgient 
Using 1000 lb. beaters and 1.5 hr. beat: 
24 hr, day/1,5 hr, beat = 16 batches/beater/day 
(22) 16 batches x 0.5 ton batch = 8 tons air-dry basis 
per beater/day 
178,6 tons air-dry/6 ton = 22,3 beaters required 
(23) Allowing for one broke boater = 24 beaters 
Dlaphrapim Screen Equipment (15) 
12 in, X 42 in, screan plates, 6 slots per in,, 
0,004 in slots with 15 in. head above plates and 
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17 in, suction discharge, Capacity is 35 to 40 lbs. 
per hr. per plate. 
(24) 35 lb,/hr. x B4 hr, = 840 lb, bone-dry pulp/plate/day 
From "D" of Table I: 83,6 ton/day at screens 
33.6 ton X 2000 lb./ton = 199 plates 
840 lb./plate/day 
Using 16-plate screen boxes: 
199 plates/16 plates per box = 12,4 diaphragm 
screen boxes 
On either intermittent or continuous circulation 
system there should be 15 screens to allow for 
tailing screens or for the low capacity effect of 
the last screens in a continuous system, 
Centrifiner agulpment 
Theoretical formula for capacity increase with 
increased centrifuge dimensions: 
Pounds bone- dry pulp per hour = Ic D H 
D = diameter inches 
H = height inches 
k = 0,0463 
a 
Experimental set-up, 10 lb, k 6 x 6 in. 
From "3" of Table I: 
82.0 ton X 8000 lb./ton = 1367 lb. bone-dry/hr,/unlt 
24 hr. X 5 centrifuges 
Choose D = H 
1367 lb, - 0,0463 D = H = ^ 29,500 = 31 in. 
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Rotary Conoentrator aguipmont 
From "F" of Table I: 
81.2 tons X £000 lb«/ton = 1352 Ib./lm/unit 
S4 hr» X 5 units 
Theoretical formula for capacity increase with 
increased dimensions: 
s 
Pound/hr. bone-dry pulp Ic D L (D = inches diameter; 
L = Inches length) 
Improved experiiaental data: 
10 Ib./hr. = k{ll in,)^ x 48 in. k = 0.01725 
Choose L = 4 D 
1352 Ib./hr. = 0.01725(4 D^) D® - 19,600 
D = 27 in. L = 108 in. 
Bleaching; Equipment 
From "D" of Table I: 
lat bleach 4^ available chlorine, 1.5 hr, in beater 
and 2.5 hr. in bleachers. 
Final bleach 4^ available chlorine, 16 hr. final 
bleach tanks. 
First bleach data: 
From "D" of Table I; 
85.6 tons X 2000 lb./ton = 5,970 Ib./hr. 
24 hr. 
6,970 lb. X 0.04 = 279 lb. chlorlne/hour 
6,970 lb. X 100^/8^ consistency = 87,125 lb. stock 
87,125 lb./8.33 lb./gal. = 10,450 gal. 
10,450 gal. X 2.5 hr. = 26,150 fi^l. 
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Suggest two tanks 8 ft. x 12 ft, x 20 ft* = 
28,760 gal. capacity 
Final Bleach Data 
From "G" of Table I: 
79.6 tons X 2000 lb./ton = 6640 Ib./hr. 
24 hrs. 
5640 lb,/0.04 = 265.6 lb. chlorine/hr. 
6640 lb. X lOO?S/85^ - 82,900 lb. stoclc per hr. 
82,900 lb./8.33 lb./gal. = 9,960 gal. 
9,960 gal, X 16 hr. = 159,300 gal. 
3 
159.300 gal» X 251 in. = 21,250 ou. ft, capacity 
1728 in,3 
Use tv.'o tanlcs 12 ft. x 20 ft. x 50 ft. = 24,000 gal. 
capacity. 
Continuous Digester Data 
The usual type of pulp digester is operated 
intermittently as a batch process. On a four-hour cycle, 
25^ of the time is lost in discharging and recharging. The 
digester cools from 146®C. to room temperature, and a fresh 
charge has to be heated each cycle. The latent heat of the 
entire digester charge la lost each cycle. 
A oontinuous digester v/ould save the time loss 
and heat losses. Straw shrinks,due to vjilting,in the first 
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hour of digestion and in the continuous digester this con­
traction of the charge would increase the digester capacity. 
The water and Kraft cook liquors could be re-circulated, 
conserving heat and vi/ater, and the concentration of extractive 
could he maintained at a maximum practical limit* The pulp 
could he discharged through a heat exchanger of moderate 
capacity, A dravsiing of this digester is shovm in Figure 8. 
Comparison of the calculated dimensions of the 
tvio digesters shov/s the advantage of a continuous digester. 
For example, four hatch digesters, 11 feet in diameter hy 
54 feet high, can be replaced hy 3 continuous digesters 
9.5 feet by 58 feet oVer-all height. 
The follovdng is the calculated vol\ime of a con­
tinuous digester: 
(1) 1 hour cycle and charge (i.e. 20 mln. charge, HO min. 
transfer, 20 min. open and close). 
(2) 1 hour cycle - 20 min. in,20 min. steep, 20 min. transfer. 
(3) 1 hour cycle - 20 min. in, 20 min. up to pressure, 20 min, 
transfer, and cook. 
(4) Digester time - 2-2/3 hours. 
Volume ratios: 
(1) 1 hour raw stra-w (call 1.00 basic volume). 
(2) 1 hour raw straw• 
(3) Assume 30^ volume shrinkage in straw in 3 hours. 
1.00 - [(1.00 - 0.70) X 1/3/3] = 0.967 
0.967 X 0.70 = 0.834 average vol, of digester/hr, 
2 
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0.834 X 2-2/3 hr. = 2.222 total digester volume 
Make 1, 2, and 3, equal - 12 ft. diameter, 12 ft, 
height, 6 ft. oone 
Vol. (1) = 12 X 12 X 0.785 = 113.1 sq. ft 
113.1 X 12 = 1358.0 cu. ft. 
113.1 X 5/3 = 226.2 ou. ft. 
1584.2 cu. ft. 
Digester Vol, 1584.2 x 2.222 = 3521 cu. ft, 
3521 cu, ft. total 
226.2 cone 3294.8 cu. ft. = 
3294.8 cu. ft. in cylinder 113,1 cu.ft. 
S9.15 ft. height of cylinder 
1584.2 X 1728/231 = 11,870 gal. or lb. air-dry straw 
11,870 lb./2000 lb. ton = 5.94 tons per hour 
5.94 tons par hour x 24 hours = 142.7 tons/24 hrs, 
178.6 (Item A, Table I)/3 digesters = 66,1 tons 
air dry straw 
(12)^ = 142.7 ton = 70 X 1728 
j3 70 ton 142.7 
X = }847 = 9,48 ft. 
/Vhere a 12 ft. dimension was assumed, 9.5 ft. will 
do for actual conditions. 
o<. » 
va l ve :  mechan i s i^  
au6e f ( .  p r j v e s  
cha f^ amc  poh . - r  
v \ / a re f {  d '  s r£am 
s tu tp  
l ock  
t i aoh- f i a . , s  m  
cor ipe / i sa re  
cohpensa t e .  
COOKED PULP OUT 
co f i c .  siACK l t duon .  
f i gure  a  
conr inudus  p i ce s t e f^ .  
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PAPiSR FROM CORNSTALK CORTEX 
Laboratory work on cornstalk fiber at the 
Bureau of Standards at Washington, D. C., seemed to indicate 
that sulfuric acid digestion follov/ed by kraft digestion, 
gave a very advantageous extraction of pentosan and lignin 
in separate fractions. A very light colored lignin 
resulted. In consequence, the seven-pound scale digestions, 
shown in Table VII, were made at Ames. 
Under the microscope, digested fiber still retains 
its cell structure, for merely the encrusting lignin between 
fibers has been dissolved. If the cell wall has been attacked, 
then the actual physical structure of the cellulose itself 
has been chemically attacked and oxycellulose results. This 
oxycellulose is an amorphous powder without paper making 
qualities. Ivlicro-examlnation of the fiber from the seven-
pound runs made at Ames showed that in every case the cell 
Y/alls of the cellulose had been attacked. The previously 
selected 1.00 per cent acid was considered too drastic. 
Small Scale Studies in Kraft //rapping Faper 
Paper studies 
Table VIII shovjs the complete data of a very 
T A B l - e .  i z z z r .  
Cof fn -STALK CORTEX SULFURIC. FKCIP COOKS. 
RUti 6/\&£ Coof\ ^"<1^1- "/o Coo/^i, Y^ccikHf 
no. PROS. HH. VoHtS«j, 5t/6Ai€ YcYiei-o L6.ifeiuf0ufisr 
/. y i.oU /•<^7 7^ .3 u-f 
6 or A^* /.n (>?-3 LO .S" ft 
f.s- a.i-s' 0.1.0 6.91 11.'i t 6 . /  
/t- t-o 3.0 0-00 0-00 0 0 0  (al .o (,H.U 
>r 5.0 Z.04 J.^O t .oa ^ f.o Cl.S /o.S" 
7 S 3. 0 /./'7 J.  0^ /.7<r C l .  s   ^3.SL fo,  0 
f  ^ ; 3. 0 /,0 3 C.l^ A/'f 6f.3 6 7 .  3  f i ,.l 
J! JT 5.^  • 0. S'o 0 / .oO 7 / . < 3  6 3 . 2 .  
/ .S'  %,oo / .  6 6  / .9Z 7 f . 3  f.r 
_ « t  / ,  0- i  O. l f  f . t (  7y.f f^.7 
\  fo , r  / . y  o.^i  0.^0 o.fz 2 .0.(, 
_  / 3  ^ , / . r  0. It. 0,^1 fr.f 6  6 . 0  Zo.^ 
0 3.0 0.%^ OJi'  o. iS io.i. 
. / f  6 f . l z  A - ? /  /./^ li.z. 4 f . r  / / . 6  
/(> 0 A  ^  0. ft> 'SI .  I  / f - i '  
n 0 j /. ^  a . T i  ^  i - O.i 'C y / . f  ^^ 7- 7 i t...r 
%0 6 \ j . 6  o . i 'i 0. 38 O.'fo / • i ' . f  ,  
/f 0 i d.r 1.50 Q.i '^ 9 3.  i .  / 3 . 3  
C onpt-ri o  ri s /="^/? c  o  <»/<• s  : t  i-a .  a -  p .  c .  on r e >  • 
( t * / o  mo i s t  u fke  )  i  £" u&.  /mr ia i -  a^c to -^  
oi / i tscT  s r£a , / v f  j  f a  / \ - r / /h  (»  j  
0 . 0 0 ^ "  S C O T  Sc-Ae. e tiiri b . 
\J 
k  
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thorough study of water digestion plus kraft digestion on 
cornstalk cortox fiber. A binary of systematic sodium 
sulfide and of caustic variation vms follov^ed to determine 
the per cent yield, per cent burst, and, by hydrolysis of 
the water coolc liquor, per cent extracted pentosan, while 
optimum conditions v;er© carefully selected from these data 
and from hand sheets of the pulp, the personal opinion of 
the author is that too much weight was given isolated 
instances of experimental advantages. The follov^ing con­
clusions, from the occasionally erratic experimental data, 
are as sound as one is warranted in dravjing; 
1. Caustic and sulfide have like digestive 
actions. Sulfide has the more drastic action of the tvjo if 
compared on a per cent basis. 
2. High chemical concentrations show increased 
strength and decreased yield up to a certain limit, after 
which strength also decreases. 
3. AS was found with the cereal straws, the general 
range of 2 to 3 per cent sodium sulfide, and 8 to 12 per cent 
caustic, are the optimum range of conditions of digestion. 
4. There is a high degree of pentosan extraction 
by water pre-steep at temperatures above 162®C. 
Re-use of cornstalk cortex water and kraft cook liquors 
There is a lower cellulose content in the 
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agricultural v.'astes than there is in pulp v/ood, aound 
engineering practice in the introduction of agricultural 
wastes as a paper source, demands that the organic extracts, 
pentosan and lignin, which equal the cellulose in quantity, 
he utilized. To the technical man, these extracts are either 
stream pollution and a liability, or sources of organic 
derivatives. They v/ould form a possible 75,000,000-ton 
source of complex organic material. 
As a part of this concept to recover the organic 
materials, It vms decided to find how many times the cook 
liquors could be ,re-used before the pulp was stained or the 
chemical action was inhibited. It was also desired to find 
to v/hat concentrations these extract liquors could be built 
by re-use. Tables IX and X give these data. 
Ghristensen (2) estimted, from a fermentation 
study of the water extract, that this material after five 
repeated uses had a possible commercial fermentation value 
of 1 to 2 cents a gallon at the paper mill. It would not 
support active fermentation alone and cornstarch wastes or 
other material ivould have to be added. 
Semi-Commercial Studies on Kraft Wrapping paper 
Rotary dlpiester cooks - water cook preceding Icraft cook 
Following the small scale kraft digestions of corn-
TABLG. IK.. 
REUT/LIZATlOr\ OF CORnSTAU^<. CORTEy. ^ne^er 
WATER AMP KRAFT  COOK L IQUORS.  
Run no. 
COftTtLY LOS. 
t - i q . t  vo l . v»  
LtQ.lL \/0L.'/o 
L(C(.M. VQU.Va 
LK^.X L-OS. 
LIQ.JC LBS. 
l f q . j k  l . b s .  
T O T A L  L a s .  
PtS CAHD LBS. 
z. £. 3£ .  4£ .  
lb s .  ^  .  l b s . ,  - l 0 s .  ^  t-OS. 
vo l .  T. S. Soua Asm  vot-.SoLto Ash  vo l .  Soc io  a sh  vot ,  3ot»8AsK 
/Z.t .3-fr //.7 .32? .333 /rt.SJCi 
tift <>f7 /.// O.M lO.i z.oo .ZZ il.t Z,i1 .zi 33.0 S.gg .JTa 
nofl ,zt o.zi .n nt.b .it e.ot tn.i .ot si^.s" .// 
/Jt.9 .tz .OS Zn.% . /9  .01 3-3^0.07 .Of, 
o . j f o f f . l o i eum 
.264 .3a> . /2 /  
/tl.^l.oS'} t.-LU .fiS^ 
l-'iol .111 Z.&t>S.z%i 
.^29.077 . 6 i z  
. / 6 7  . o t i  . i f Z  . o z z  
ZftO-h.S/S ^33,t3.7fS .3iZ 
.itO .03'f-
m£% tn tor i  l o s .  /f/.-f/or-f/.*/•/, 
PfKOM CHAHCE L&. /.of-f/. x-n nil.,oaf 
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stalic cortex. Table XI, it was felt that semi-conimerclal 
scale cooks, using the three foot rotary digester, were in 
order. The cortex was digested, washed, and lapped in a 
hydraulic press for shipment to the Bureau of Standards paper 
mill at .Washington, D. 0., after hand sheets prepared at 
/ones were accepted. 
By chance of circumstance. Run 1-D was acceptable 
and pulp was shipped for paper making. However, a series 
of difficulties followed: 
1, Yields were low and varied excessively under 
supposedly duplicate conditions. This was traced to errors 
in the fiber determinations. The quantity that could be 
packed in the rotary cooker, and the yield of pulp varied too 
greatly to make the moisture determination acceptable. The 
cortex displacement method. Page 44, was developed for this 
purpose. 
2. The rotary cooker was heated by direct steam. 
This method of heating has been avoided during the small scale 
studies. Condensate in the steam line, daily variations in 
steam pressure (which could not be read while the digester 
was being brought to pressure) and changes in the moisture 
content of the cortex, varied the total dilution of the digest­
ing liquor. The steam consumption and radiation losses on 
different sized water charges were therefore determined and 
are given in Table XII, 
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Table XII 
Steam Consumption of Thrae-Foot Spherical Rotary Digester 
Hun 40 gal. 50 gal. 0 gal. 40 gal. 
Final Heading 3282.1 3375.9 3604.6 
Initial Reading 3242.1 3325.9 3564.6 
Initial Volume 40.0 50.0 40.0 
Steam Pressure 93 Ib./in.^ 94 lb. /in.^ 105 lb,/in~ 112 Ib/in^ 
Pressure-Time 1:43 1:57 3:32 4:15 
Initial tixne 1:38 1:53 3:31 4:11 
Time to Pressure : 05 :04 :01 :04 
Temperature-Time 1:57 1:G4 3:45 4:29 
Initial Time 1:38 1:53 3:31 4:11 
Time to Itemperature :19 :11 :14 :18* 
*Plus 30 minutes at temperature 
Kotary Volume 3242,0 
3140.8 
101.2 gallons 
Final aeading 3325.9 3408.0 3564,G 3647.0 
Initial Reading 3282.1 3375,9 3468,0 3604,6 
Gal. Filled 43.8 32,1 96,6 42.4 
G-al. Initial 40.0 50,0 0,0 40,0 
Total vilater In 83.8 62.1 96.6 82.4 
Rotary Volume 101.3 101.3 101.3 101.3 
Total V/ater In 83.8 82.1 96.6 82.4 
Condensate Gal. 17.5 19.2 4.7 18.9 
Condensate Pounds 145.8 160.0 39,2 157.5 
Condensate to heat shell and 14/2 minutes radiation, 4,7 gal. 
Radiation at temperature 18. < 3 gal, -• 17,5 gal, = 1.4 gal. 
Since time is 30 minutes. radiation = 0,0467 gal ,/min. 
50 lb. Run: 19. 2 gal. - 4.7 gal, = 14,5 gal,/50 gal, v;ator 
14,5 eal,/50 gal, = 0.3 ga-l* stoam/gal, water 
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3. The changes in cook liquor dilution and 
Variations in the absolute quantity of cortex fiber charged 
in the digester introduced errors in the estimate of the 
quantity of chemicals to be added. In consequence, the 
degree of digestion of the fiber varied. 
The usual microstaining fiber analysis tests were 
applied to fiber samples from these digestions. Hov/ever, a 
test that proved more practical and convenient was to examine 
the paper test sheets from these runs under moderate 
magnifying po'wer by transmitted artificial light, nesults 
from this test were confirmed by the opinion of the Bureau's 
paper experts on the same material. Characteristic notes 
on observations of test sheets from Runs 1-D to ia~D, inclusive, 
are given on Pages 47 and 48, 
Displacement method for caloulatinp; cortex charge 
In the digestion of cornstalk cortex fiber in the 
rotary digester, sampling the cortex fiber for its extremely 
variable moisture content, proved slow, difficult, and 
unreliable. An empirical relation between fiber displacement 
in the digester and the actual bone dry fiber v;as determined 
and used as the basis of calculating the weight of the cortex 
charged. 
The digester was charged with cortex fiber, closed, 
and the relief valve turned to the top position, so the 
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digester could be used as a giant picnometer. In this position, 
the digester was filled v/ith ^vater and the fiber was allowed 
to soak 15 to 20 minutes. The relief valve was then turned 
to the bottom position and the water blown out v^ith 20 pounds 
air pressure. The air was allovjed to continue to blovj for 
15 minutes on that adjustment; timed from the moment when the 
first air reached the relief valve. The relief valve was 
again rotated to the top position and water, metered to the 
nearest 0.1 gallon, was used to again completely fill the 
digester. From this measurement and the volume of the empty 
digester, the water displaced by the fiber was determined. 
The blow and the measurement were repeated three times to 
secure tvi/o readings of the three that agreed within two or 
three-tenths of a gallon, . 
3y referring the xaeasured volume directly to the 
chart, Figure 9, the quantity of bone dry cortex was 
determined. From the absorbed v^ater of Figure 9, and the 
steam consumption data of Table XII on this absorbed water 
and radiation, the maximxim volume that could be used for 
cook liquor dilution is indicated as the "Maximum Usable 
Volume" curve of Figure 9. 
Examination of paper under moderate microscopic maf-mification 
Hand sheets of coi'nstalk cortex paper, approx­
imating 50-pound ream v/eight, were examined under wide field 
o  / o  z . o  30  <  o  s ' o  c . o  70  so  90  
f=>aunos B.p. c.Of^TEi'A. 
FIGURE. 3. 
C O R T E X  P l 5 P L A C E . M E .m C H A R T  
moderate microscope magnification, using direct sub-stage 
lighting transmitted through the sheet. The paper was from 
Runs 1-D to IS-D of the rotary digester, described on Page 38, 
The sheets were rated on the following bases: 
1, apparent per cent of the area in well cooked 
translucent fiber. 
2, Number of undisiutegrated fiber bundles in a 
two-inch field and bundle length in thirty-seconds of an 
inch, 
3, Niimber of shives in a tvvo-inch field and shive 
length in thirty-seconds of an inch. 
4, Number of dirt specks in tviio-inch field and 
speck diameter in thirty-seconds of an inch. 
1-D 100^ cooked; 15 bundles, length 2; 16 shives, 
length 4; 4 black specks, diameter 4. 
2-D 90fo cooked; 5 bundles, 1 to 2 length; 5 shives, 2 
length; 16 black specks, 2 to 4 diameter. 
3-D lofo cooked; 8 bundles, 5 length; 14 shives, 3 to 6 
length; 12 black specks, 2 to 4 diameter. 
4-D 4:Ofo cooked fiber; 25 short bundles; 40 shives, 
length 2; 30 black specks, 2 to 6 diameter. 
5-D 60^- cooked fiber; 10 long and short bundles; 15 
shives, length 4 to 8; 20 black specks, 2 to 4 
diameter. 
6-D 75^ cooked; 10 bundles, length 10; 20 shives. 
- 48 -
length 3 to 5; 7 black specks, diameter g to 4. 
7-D 65^' cooked; 20 bundles, length 5; 20 shives, 
length 1 to 6; 15 black specks, diameter 2 to 5. 
8-D 85/^ cooked; 18 bundles, length 5; 10 shives, 
length 4 to 8; 10 black specks, diameter '6 to 6. 
9~D 90fo cooiced; 10 bundles, length 4; 5 shives, length 
3 to 7; 15 specks, diameter 3 to G, 
10-D 65fr, Gooked; 20 bundles, length 10; 12 shives, 
length 4 to 8; 15 black specks, diaaetsr 4 to 12. 
11-D 80'^' cooied; 20 bundles, length 6; 12 shives, length 
4 to 3; 10 black specks, diameter 4 to 12. 
12-D dofc cooked fiber; 25 fiber bundles, length 3; 
20 shives, length 4 to 6; 20 black specks, 
diameter 3, 
Bleached Cornstalk Cortex Paper 
Water cook preceding soda cook 
An. inherent characteristic of cornstalk fiber, 
even of the cortex fiber, is that it hydrates readily and 
abruptly to an excessive degree unless the hydration is 
carefully controlled. Soda pulps contain soft hydrated fibers, 
and these give a translucent quality to the paper. The 
degree of translucence increases with hydration to actual 
transparency in glassine papers, Sulfite v;ood pulps, the 
- 49 -
common source of glassine, require 15 to 18 hours beating 
with a stone roll and stone bedplate. Four to six hours in 
the ordinary beater will develop a cornstalk cortex glassine. 
Since refining power is one of the principal costs in 
glassine processing, the advantage of cornstalk fiber for 
the purpose is apparent. Two series of studies of caustic 
digestion of cornstalk cortex are recorded in Tables XIII 
and XIV. 
The study reported in Table XIII was made to determine 
the optimum caustic concentration and bleach concentration. 
The criteria vjas, as usual, yield per cent, burst per cent, 
and comparison of burst per cent on screened pulp with that 
on unscreened pulp. 
Table XIV indicates the prolonged beating schedules 
for cornstalk cortex glassine. These v?ere digested with 
variations in caustic concentration and were bleached to 
varying degrees. Transparency vras readily developed, although 
bleaching procedure was not satisfactory, Ftirther studies 
should accomplish a satisfactory bleach. 
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3UI/MARY .iND CONCLUSIONS 
Paper can ba made from the common cereal straws varying 
from an unbleached kraft wrapping paper to a good grade 
of typewriting bond, by a process of water steep, 
modified kraft cook, combined beating and bleaching, 
cleaning by screening, and centrifining. 
There is some distinction between v/hoat, oat, and rye 
stravjs for paper. Oat strav; is the strongest and most 
difficult to bleach. Hye has a weaker, brittle fiber, 
and bleaches more easily, Barlejf and wheat straw are 
intermediate in these qualities to oat and rye straw; 
with barley straw nearer to oat strav^ and v^heat straw 
nearer to rye straw in character. 
From the study of the proposed flow sheet and the design 
calculations of a wheat straw paper mill, it is evident 
cook liquor must be re-used for a feasible process. 
A continuous digester would have marked advantages in 
conservation of time, heat, and digester capacity. 
The difficulties due to dilution from the use of direct 
steam in a digester can be met by steam consumption test 
The variations in fiber charges in a digester can be 
calculated from fiber displacement. 
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7, a moderatsly rood wrapping paper can be laado from 
cornstalk cortex if proper control is exercised. 
8, iv'lcroscopic analysis of paper sheets by transmitted 
light is feasible vdth but moderate experience and is 
also convenient. 
9, Oornstalk cortex is adapted to glassine manufacture, but 
bleaching procedure must be studied. 
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II. UTILIZATION Of AGinCULTUHAL .VASTulS FOH PRCDUGTION OF 
mSOSLL/imOJJS FABUICATSD MAT.-Sj-JI/iLS 
INTilODUGTION 
In th.8 course of the experimental studies on 
agricultural wastes by the U» S. Bureau of Standards and 
the lovm iingineering axperiment Station at Ames, Iowa, 
the manufacture of diverse produc:ts from these materials was 
studied for practical outlets for substantial q\iantities of 
these v/astes. Some of these products were new and required 
inventive faculty, and all the products required adaption to 
agricultural wastes as distinct types of materials. 
This thesis covers phases of the development of 
several such products. The separation of cornstalks into 
long tough cortex and light spongy pith fiber was attempted 
so each type of fiber could be studied for its best advantage 
A process for pressing and moulding cornstalk fiber products 
in monolith shapes, that ordinarily call for fabricated wood 
segments, is described, a method for watorproofing pressed 
fiber products to a high degree, and a test method and 
equipment for determining the degree of waterproofing, are 
given. A method for determining the drying time of such 
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materials in the hydraulic press vvas originated. The con­
ductivity method for determining end points in volumetric 
titrations was applied to spent liquors from pulp digestions, 
and a simple test set and short procedure for this analysis 
was evolved, ^iuite extensive preliminary studies were 
conducted on the precipitation of these spent liquors, A 
process is outlined for precipitating spont digasting liquors 
for the separation of the organic material and the regeneration 
of the digesting liquor. 
A "brief study of the precipitation of pentosan 
and lignin in paper is described. 
- 56 -
SliPAHATICEf OF G0RN3TALK3 INTO LONG FIBERS, PTTTi, Al^ID iaNSS 
vvet ?,Method (23) 
Cornstalks can be separated into two main con­
stituents; the outer shell, vjhich contains fibers suitable 
for paper making, and the parenchymatous tissue or pith. 
Tvjo general methods for the separation have been investigated; 
the dry and the wet. The dry ioet^od, patented in, 1899 (18), 
cut the pith free from the outer shell vdth a special 
machine. The v/et method (.13) was first used by G. N. Seidel 
(17), and T. H. Naffziger (14), members of the U. 3. Bureau 
of Standards staff working on insulation lumber from 
cornstalks. The wet method consisted in breaking the pith 
loose from the shell in a beater, screening the pith through • 
a No, 8 screen fastened to a rotary washer, and collecting 
the pith on a fine screen. The breaking and screening were 
accomplished in the presence of water. This method produced 
a good separation of the constituents and had the advantage 
over the dry method of producing an outer-shell fiber, free 
from dirt as well as from leaf membrane. The method, however, 
vjas slow and did not completely separate the dirt and fine 
material from the pith. The following method is a modification 
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of the wet method and separates the stallcs Into tiiree 
fractions. 
Mechanical separation 
The mechanical separation consists in preliminary 
shredding and washing of the stalks followed hy operations 
which break the pith free from the fiber, screen the pith and 
other materials from the fibers with vjater, and separate the 
pith from the fines and dirt by flotation in v;ater. 
Shredding. The baled stalks were fed into an 
ensilage cutter and the stalks reduced to lengths of from 
one to three inches at the rata of 300 pounds per hour. 
In this work, the stalks were shredded in an air-dried con­
dition since it vms necessary to store the material for some 
time. In practice, it would be better to shired the stalks 
wet to reduce the formation of fine, broken fiber that would 
be lost in the subsenuent vmshing treatments, 
.VaGhinp,. Sixty pounds of shredded stalks were 
added to 200 gallons- of water in a 300-gallon thresher tank, 
Figure 10, Under these conditions scrubbing action is 
secured. Perceptible swelling occurs in the mass in five to 
seven minutes. The mixture was agitated for ten minutes, 
agitation stopped, and the water drained, leaving the stalks 
in the tank. Fresh water was added, the mixture agitated, 
and then drained as before. This was repeated until the 
•' 
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wash water was practically clear. J'our or five changes of 
water were required. In the last step, the agitator was 
kept in motion to permit the stalks to discharge with the 
water. The stalks were collected behind a removable grating 
shown in Figure 10. 
This pre-washing of the stalks is advisable to 
remove most of the dirt and prevent its being ground into the 
fibers by the action of the attrition mill in the next step. 
Mechanical dusting of the stalks will not remove the dirt as 
effectively as vjet washing, unless the stalks are dry. 
Breaking• The washed stalks were passed throtigh a 
£4-inch attrition mill at the rate of IGO pounds per hour 
together with water at 30 gallons per minute. The discharge 
of loosened pith and, long fiber bundles was caught on a 
No, 30 screen. The attrition mill proved to be the best for 
producing the desired action. The laill consisted of two 
corrugated steel disks mounted on horizontal shafts. The 
disks revolved in opposite directions at 1800 r.p,m, and 
v>/3re enclosed in a steel shell. Pressure was exerted through 
the shafts to the disks by springs and an adjusting screw. 
The feed was around the shaft of the non-adjustable disk. 
The attrition mill v/as adjusted to give rolling, rubbing 
action on the fibers,breaking the pith free. The breaking 
operation also loosened the residual dirt in the stalks. 
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Separation of lon^ fiber. One hundred pounds, 
dry weight, of the milled stalks were transferred to the 
thresher tank, and the screening hopper, Figures 11 and 11a, 
was fitted tightly into the top opening of the tank, A 
continuous stream of vjater, 10 gallons per minute, and a 
small flow of compressed air, were introduced into the bottom 
of the tank. The overflow of v;ater and the continuous 
agitation, carried the pith, fines, and dirt through the 
screen "D" and into the hopper trough "A", where it was 
discharged through "B" into the pith separating barrels. 
The operation required about 90 minutes. At the end of the 
separation, the cortex, practically free of pith, fines, and 
dirt, was discharged in the same manner as the vmshed stalks. 
The screening hopper, Figures 11 and 11a, consisted 
of wooden side v/alls covered by a galvanized iron top "C". 
Spaced beneath the top v;as six square feet of No, 4 galvanized 
Iron screening "D", The screen was attached to the walls and 
to the top of the vjall adjacent to the solid-bottomed discharge 
trough "A", The agitator paddles in the thresher tank worked 
counter-clockwise, considering the end view in Figure 10, 
and caused the charge to flow from the back tovmrd the front 
at the screen surface. 
Separation of pith and fines. The water, carrying 
the pith and fines, was led into the top of a 50-gallon 
barrel, about 18 inches in diameter, illustrated in Figure 12, 
60 "• 
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which shows the details of the separation. From the side-
wall pipe, the water was led into a lOO-gallon barrel, about 
23 inches in diameter, and then into a box with a No. 30 
screen bottom. The settled fines were washed from the barrels 
at the end of tv/o or three charges of milled stalks. 
Practically all of the pith vjas recovered from the top of the 
first barrel. 
The separation depends upon the fact that the fines 
vdll water-log more readily than the pith during the process 
and v;ill settle in water while the pith floats. Figure 12 
is a schematic representation of the set-up used in the 
flotation process. Figure 13 is a proposed modification of 
the arrangsiaant. The reversal of the sizes of the settling 
tanks is in order to have a greater capacity for settling in 
the first step. It vjill be noticed, in the representation of 
materials gathered. Figure 12, that the first settling contains 
practically no v^ater-logged pith. Unless there is to be a 
further separation of the water-logged pith and the short 
fibers or a differential use of the two types of fines, it 
v;ould be more practical to have the main settling area in the 
first step. Further experimentation with the correct rate of 
flow of water through this area might lead to the elimination 
of the second tanl^: entirely. 
Through the entire process too dry conditions must 
be avoided at separation because the cortex, as well as the 
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pith, floats. Too wet conditions must also be avoided because 
the pith becomes -water-logged. 
Handling: of products 
The long fiber from the separation process is ready 
for processing into paper making fibers, etc., vath additional 
treatment. 
The pith can be utilized in a wet condition for some 
purposes, but for others it must be dried. The pith recovered 
from the top of the flotation barrels contains about 96 per 
cent of moisture, which is reduced to 60 or 70 per cent by 
subjecting saclcs of the material to a pressure of 400 pounds 
per square inch. The pressed pith is then fluffed out by 
passing it rapidly through a swing-hammer mill. The final 
drying is accomplished by a current of hot air over,' or 
through, thin layers of the pith. 
The fines, vihen desired in a dry condition, can be 
treated in a manner similar to the pith. 
Analysis of the materials 
The efficiency of the operation in removing the 
dirt from the cornstalks is as follows: 
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Ash in the Various .Fractions 
Material: 
Long fibers. 
Shredded stalks 
Ash (per cent) 
.. 6.1 (20) 
.. 2.9 
Pith 
Fines 
4.0 (27) 
6.2 
The average content of ash in the combined long 
fiber and pith amounts to 3 per cent, and, consideriag that 
in the cornstalks there is present constituent ash amounting 
•to about 2 per cent, it is evident that most of the dirt has 
been removed from these fractions. The high ash content in 
the fiaes is to be expected as the dirt loosened during the 
attrition mill treatirient will settle with the fines. 
portions of cornstalks Is given in Table XT'. These data 
were reported by Hooper (10) and indicate that the chemical 
difference in the pith, vascular bundles, and shell, is 
small and that their differences in properties are "largely 
due to the original mechanical subdivision of the tissues". 
A partial chemical analysis of the different 
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Table XV 
Composition of Shell, Fith, and Inner Vascular Bundles 
: :Specific 
: ;gravity 
: Tissue ;at 25°C. 
:Ponto 
Lip;nins:-sans 
GelMLosic 
pulp 
Pento­
sans 
in pulp 
Cellulose 
by 
differs nee 
:Pith : 1.58 32.0 :27.7 50.1 12.2 37.9 
:Inner : 
;vascular: 
:bundles : 1.515 35.2 :26.4 60.S 13.1 37.1 
:Shell : 1.52 
• 
33.5 :25.9 55.9 16.6 39.3 
The yields of materials obtained by the V7et 
separation process are given in Table XVI, together vath 
yield data presented by Peterson, Fang, and Hixon (16), using 
the wet separation with a beater. 
Table XVI 
Yields of Fractions in the ,yet Separation of Cornstalks 
iJiQt Separation Method : ,V'et Separation with A Seater (16): 
• • • 
• * • 
: Material ; Per cent : Material Per cent : 
;Lonfi fiber : 42.5 : Fibrous material 63 : 
:Pith : 5.0 Pith material 26 : 
• « * 
:Fines : 22.5 : .<ater soluble 9 ; 
• « • 
« « • 
:Loss : 30.0 : Loss and difference 2 : 
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The two sets of data do not agree. There are a 
number of reasons for this disagreement. The stalks used 
by Peterson, Fang, and Kixon were freed from leaves and loose 
dirt before the separation was begun and the separation was 
performed on small batches of one to two pounds of stalks. 
The fraction reported by them as pith material was the material 
passing through a No. 10 screen and retained on a No. 60 
screen. vViley (27), on the other hand, gives the yield of 
pith from the whole cornstalks, not including the corn or cob, 
as 10.3 per cent. 
The size of the batches used in this investigation 
was betvjeen 100 and 200 pounds and, consequently, offered 
opportunities for errors in sampling the wet masses. The 
author made one yield determination on the boater method on a 
large scale, starting vjith approximately 100 pounds, in which 
the stalks were separated into three fractions.. The results 
of this run gave a 70 per cent recovery and indicated thit the 
beater and attrition mill methods were comparable on a large 
scale. The products from these two methods were cuite similar. 
The disadvantage of using a beater lies in its high con­
sumption of povjer compared wibh the combined power used by 
the attrition xnill and the separating tank. 
Cost and uses 
The cost and yield figures are given in Table XVII . 
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The powor costs are based on pov/or consujued by the small 
er,uipiiient used in the experimental work. The vrater costs 
are based on pumping and filtaring the volume of water used 
since fresh water vvould be expensive at ordinary prices. 
Table XVII 
Cost Data 
Stalks 
Long 
Fiber Pith Fines: 
: Tons 1.00 0.425 0.05 0.225: 
:Power at 1 cent a Mlowatt hour 10.75 C;o.o9 
o
 
•
 { 
o
 
rViiater at 0.8 cent a 1,000 p:allons .38 .05 .20-
:Fuel for drying .15 .39: 
:Total SI. 13' &0.29 :;;a.29: 
rCost a ton |;2.76 ^5.90 S5.73: 
To these costs, labor, raw material, overheat, etc., 
would have to be added. The values given in Table XVII have 
been apportioned betvjeen the three products according to the 
•weight of each. 
The three components of cornstalks have many 
possibilities for utilization in industry. The chemical 
analysis of each fraction is very nearly the same, but the 
differences in physical charactsristios give them a wide range 
of usefulness. The long fiber, after suitable treatment, has 
the possibility of economical use in making paper, insulation 
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board, and pressboard. The pith, has interesting possibilities 
as an insulating material. Tests by the heat and power 
division of the National Bureau of Standards indicate that 
its thermal conductivity is ^ .o-wer than cork (pith - 0.24 to 
0.30 and Cork - 0.31), vihile its density is much less. In 
a wet condition the pith can be beaten, moulded into boards 
or blocks, and dried. These boards have approximately the 
same thermal conductivity as the original material, but with 
a greater density. In the granular and moulded forms, pith 
can be used as insulation material in refrigerators, 
refrigeration cars, house insulation, and, because of its lovj 
density, it might find application in airplane insulation. 
Further, it raight find an outlet as a substitute for ground 
cork in the manufacture of linoleum. Pith is easily 
nitrated and it is possible that it might be valuable as a 
raw material for the manufacture of explosives. 
The fines should find outlets as material for 
pressboard, insulating material, and possible use as a 
substitute for wood flour in the manufacture of linolexim. 
Dry Method 
Tvjo general process steps are necessary for 
separating cornstalk pith and cortex by the dry method. First, 
the stalk must be crushed to fiber and the pith broken free 
from the cortex and, second, these two types of fiber must be 
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divided into separate fractions. 
The advantages of a dry process for separation over 
a wet process are that there is less weight of material 
treated, lower power consumption due to the reduced v^eight and 
to the orittie character of the stalks, and the amount of dry­
ing necessary is low or nil. 
Crushing cornstallcs to fiber 
From intimate experience vdth the action of the 
three types of mills, the rubbing action of an attrition 
mill was to be preferred to the pounding action of the rod 
mill or to the breaking and tearing action of the hammermill. 
The action of the attrition mill could be accurately 
controlled, a rubbing action is necessary to thoroughly 
remove the spongy adhering pith from the cortex fiber. The 
adjustable minimum clearance between the discs of the 
attrition mill allows the discharge of nearly v>!hole cortex 
fiber. 
The attrition mill in the Ames laboratory v/as used 
on air-dry cornstalks at three different disc adjustments; 
at moderate clearance, at close adjustment, and at contact 
betVifeen the discs. Some difficulty was experienced vdth the 
feed device of the machine. The feed was through a sharply 
curved throat around the drive shaft of one of the discs, 
then through sector shaped openings between the heavy short 
- 70 ~ 
spokes supoorting the disc into the grinding space betv^een 
the discs. The dry chopped sections of cornstalks arched 
and clogged frequently in these constricted passages, but 
ground and discharged freely from the grinding space. The 
feed difficulty could easily be remedied by a hollow shaft 
and auger feed to the grinding space. The close clearance 
adjustment between the discs gave the best form of cortex 
fiber and free nodular pith. The dry treatment would be 
suited to exceptionally clean, carefully stored cornstalks. 
The usual run of cornstalks from the field vrauld 
require the washing treatment described in the wet separation 
method, Page 56. A study was therefore made of feeding 
v;ashed and drained chopped stalks to the attrition mill. 
More difficulty was experienced with the clogging of the feed 
device, and power consumption was greater than with the dry 
material, but was much less than grinding stalks with a flov; 
of water. The product was only moist and was exceptionally 
uniform viith long cortex fiber and free nodular pith. Screen­
ing v/ith a four-mesh screen gave a pith and fines fraction 
through the screen, and the cortex v/as retained on the screen. 
Both the composite material and the screened fractions dried 
readily in a drying oven over night, even whan dried in thidc 
layers. 
The moist pith and fines fraction is very satis­
factory to use in the wet flotation separation, Page 59, and 
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has the advantages that cortex separation is accomplished 
•before flotation and that there is less opportunity for the 
pith to become waterlogged. 
Separation of cortex and pith 
The material from the dry attrition xaill treatment 
was Ideally suited to studies on electrostatic separation, 
air separation, arid separation by screening. 
Screening 
The screening of oven dried material from moist 
attrition mill treatment, has been mentioned above. Screen­
ing the product of dry attrition treatment through four-
mesh screen, separated the cortex fiber from a fraction 
containing pith, short heavy fiber, and medium length, light 
slender fiber. 
straight air separation 
The apparatus, jfigure 14, was simple and was 
adjustable to a wide range of composite materials. It was, 
therefore, used to study the air separation of the oven 
dried material from moist attrition mill treatment and, also, 
the material from dry attrition mill treatment. In each case, 
the separation was between a fraction of pith and light 
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slender fiber which blew ovei* the adjustable baffle, and 
denser fiber which dropped dovm the incline. The light 
fraction would be ideal for insulation or pith uses. 
Centrifugal air separation 
A simple centrifugal separator iwas constructed 
from materials at hand, Figure 15. The mterial to be 
fractionated v/as sifted down through an upward spiral of air. 
An increase in air velocity increased both the centrifugal 
component and the lifting component of the air spiral. As 
with simple air separation, the ligjit fraction was a mixture 
of pith and light slender fiber, but there was the added 
feature that a zone of nodular pith particles formed at about 
two-thirds the height of the spiral. The pith alone could 
be extracted through a suitable outlet at this location in 
the eouipinent. 
Pith separation in insulation board manufacture 
It is suggested there should be advantages and 
economy in separating the pith from cornstalks during 
insulation board manufacture. In steeping and refining 
cornstalks for insulation board, the pith is v^aterlogged 
and it probably detracts from the strength of the board. 
Following is indicated the usual commercial process 
for insulation board and the necessary modification of the 
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process to isolate the pith for separate commercial use. 
Insulation Board 
Shred 
v' 
Steep 
V 
Wash 
Bodmi.ll 
/ 
Refine 
' i  
Board '?.^achine 
Insulation Board and pith 
Shred 
Damp 
Attrition 
Treatment 
-Screen 
Cortex 
4 
Steep -e. 
I 
Board Machine 
Fines & Pith 
• 
Fines ,c. Flotation 
• 
Pith 
• 
Press 
• 
Fluff 
/ 
Dry 
V 
Baled pith 
iVallboard sells on a board foot basis and a light 
board of equal c.uality vrould bring a higher price per ton 
of product. The sale of pith vjould be added profit. 
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FR3SSED FIBER PRODUCTS FROM AGRIOULTURilL WASTES 
The U. S. Department of Commerce at Washington, 
D.. C., states that only 12 to 15 per cent of the tree enters 
the finished product. Losses of about 75,000,000 tons 
occur in the forest and lumber mill, and an enual amount 
is lost in the fabrication of the final product, such as 
furniture, houses, and the like. It has been suggested that 
if the wood v/ere defibered and moulded to the finished 
product, the losses would be only those of pulp manufacture; 
that is, 30 to 50 per cent. 
In the Ames laboratory, it was decided it would be 
equally feasible to use agricultural waste materials in this 
manner to obtain products of wood-like density and strength. 
It was necessary to choose a moderately complex shape of mould 
that could be built at nominal expense, A mould for a 
two-paliQ cellar windov/ sash, with formed glass grooves, was 
chosen. The mould was designed and constructed. After one 
or tw^o trials the design of the mould was changed materially 
and the next sashes produced were successful. The procedure 
vjas then improved so that three saahes could be formed and dried 
in the one mould at once time. This was done to establish the 
proper principle for economical commercial practice. Seventy-
five sashes, including, incidentally, sashes made from sulfite 
and v;aste news mixtures» were produced. A suitable method 
of waterproofing the fiber sash was developed. ,7arping of 
the sashes vvas eliminated by proper conditioning. Physical 
tests were made to demonstrate the greater strength of these 
unit structures over sash from fabricated wood sections. 
Costs of production of such sash are quoted. 
ii mould for pressed fiber tubing vjas constructed and 
tubing was actually produced. 
Procedure for the Manufacture of Fiber Sash 
Oornstallc pulps of the types produced at .imes for 
insulation board; that is, mechanical, steamed, and cooked 
pulps, as wet lap were taken from the press-rolls of the 
forming machine to be used for moulding fiber sash. .t^. portion 
of this material, containing three pounds of bone-dry fiber, 
was mixed to a pulp of three per cent consistency with a 
portable electric stirrer. 
The sash was first moulded from slush pulp to a 
v;et mat of four to five time the expected final thiclcness. 
The wide collars ("i?" in the description which follows) 
formed the wet mat vjith twice the thickness of fiber in the 
sash that there was in the glass moulding (letters refer to 
Figui-'es 16 to 25), The mould yias set up for this operation 
on a roller conveyor "A", outside the press. Two cast-iron 
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bloc ICS "3" were placed on a sheet of screen on the conveyor, 
properly spaced by a screen faced perforate of template "C". 
V«ide collars "F", were placed around each block and held 
flush with the top of the block by removable pins, oheet 
iron boxes "G" v^ere placed on top of the iron blocks for added 
mould depth. The iron shell "B" was spaced around the blocks 
by the template" and above the shell was placed a wood hopper 
"H" lined with sheet iron. This also formed part of the 
increased depth of mould necessary for slush pulp. 
The slush pulp was then poured in the deep sash 
shaped mould and a deep sash shaped plunger "I" vjas forced 
down onto the fiber in the mould by an automobile jack 
"M" placed on the substructure "K",through the stay rods "L", 
and the head structure "J", 
When the pulp had been forced down into the iron 
part of the mould, the structure above the iron mould was 
removed and the pins withdrawn from the wide collars. Tha 
iron mould containing the fiber was I'olled into the press and 
centered under the iron plunger "P" suspended from the head 
of the hydraulic press, as shown in the same figure. The 
mould Y/as brought up against the plunger by closing the press. 
Steam pipes, shown at "U" and ""V", were attached to the steam 
heating elements of the iron plunger and the iron shell. The 
fiber was dried under 800 pounds total pressure on the sash, 
with 50 pounds steam heating pressure. Three hours v^ere required 
to dry a single sash. The press was then opened and the sash 
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forced out the bottom of the mould. Blocking was placed 
under the iron shell and the iron blocks, and these parts 
were forced up around the iron plunger by closing the press. 
Procedure for forming three sashes and drying them 
simultaneously 
In packing three fiber sashes in the one mould, the 
procedure of making one sash was followed to the point of 
pressing in the hydraulic press. The cold hydraulic pressing 
packed the fiber to about one and a half times the final 
thickness. The press was opened and the mould rolled out on 
the conveyor. The wide collar was replaced by narrow collars 
and an Iron template "R", faced both sides with screen, 
was placed on top of the first sash. Vv'ood collars "S" were 
placed on the block and the wide collars around these flush 
vjith their top surface, A second sash was then poured, 
forced into the iron mould, and cold hydraulic pressed as the 
first had been. 
In the same manner, a third sash was packed in the 
mould and placed in the hydraulic press, and dried in the same 
manner as a single sash. The time required for drying was 
but slightly longer for three than for a single sash, since 
in both eases the heat traverse for drying was through the 
v/idth of the sash members. 
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Gondltlonlnp; fiber sash 
The first few fiber sash produced vi/arped, v/ith a 
lapse of time, to an extreme degree. The warp seemed permanent, 
7 
Warping is, of course, due to unequal expansion. Unequal 
moisture distribution was the only plausible cause of this 
warping, iSven after being varnished or painted, the sash 
continued to v/arp. To overcome this condition, the unfinished 
sash were steamed and stored in the hot, moist air of the 
heating tunnel of the Chemical Engineering Building, This 
enabled equilibrium moisture distribution to be reached and 
only slight warp was found in even unvarnished sash 
thereafter. 
Physical tests on fiber sash 
Table XVIII gives compression and tension test 
data on corner and T sections of fiber sash made from several 
types of pulp. The diagrams indicate the manner in vjhich 
the sections v/ere loaded. Reference to the colujmas headed 
"Stress" and "Modulus" show the strength of these sections. 
Cost data on fiber sash manufacture 
Fromm (4) estimated a total unit cost per sash 
of 1.5 cents in a factory of 10,000 sash output per day. 
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Forming Fiber Tubes 
Fifi;ures 24 and 25 shov; the mould for pressing 
and drying fiber tubes.. It consisted of a steam pipe heat­
ing core and a wrapping screen.to aid the escape of s-feeain.. 
from the fiber. The v^et mass of the fiber tube was foriaed 
on this screen and the fiber was, in turn, vjrapped spirally 
v;ith a sheet of perforated metal. Belts of perforated straps 
were placed at freouont intervals in the^ length of the raould 
• , , ...Cr r- , 7,. ^  
to compress the fiber. These vvere ta,ken--u-p by means of 
the tightening fork. The prongs of the fork were inserted in 
l/r.- • 
the Duckle of the strap. The belt hool-c engaged the tongue 
• > 
of the perforated strap and drew it through the buckle. The 
lock pin held the slack taken up,atua^_ihe fork was used on 
several belts. This compression could also be accomplished 
automatically on a commercial machine by chains and sprockets, 
or cables and small individual vanding drums. • c n <• 
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GORNSTMAC PilSSSBOARD 
Solvent Sizing 
The research work at iUnes on cornstalk presshoard 
produced a material equal to any commercial board, from 
other sources of fiber, both in strength and in moisture 
absorption. Since then, special boards have been introduced 
to sell at premium prices, vVhereas a good grade of 
commercial pressboard showed 3,000 pounds per square inch 
modulixs and 50 to 60 per cent moisture absorption in 24 
hours, the, new boards showed 10,000 pounds per square inch 
modulus and 17 par cent moisture absorption in 24 hours. 
This permitted many new uses, such as concrete forms, yachts, 
buildings, etc. Boards impregnated with resins approached 
or even exceeded the special boards in moisture resistance, 
but were much too expensive to use for such purposes. 
Previous work had shown that cornstalk fiber,used 
in fiber sash, could be waterproofed to a higher degree if 
15 per cent paraffin were incorporated instead of size 
emulsions. However, satisfactory paraffin distribution and 
paraffin retention in the board v/ere difficult to obtain by 
this method, 
A study was, therefore, inaugurated to incorporate 
the sizing agent in the board by impregnating the board with 
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paraffin or halogonated wax dissolved in gasoline or a 
similar volatile solvent, A definite concentration of the 
sizing agent in the solvent and carefully controlled 
impregnation insured a definite amount and distribution of 
the size in the fiber itself. The solvent v^as then evaporated 
and recovered. Table XIX indicates that boards were 
produced quite as moisture resistant as were the special 
boards of commerce. 
Deflection Test for Degree of Sizing 
The fiber structure of pressboard can be compared 
to a felt of fibers with irregular interstices of capillary 
dimensions. If pressboard is immersed in v/ater, water is 
absorbed in the fibers themselves and is also held by 
capillary action in the interstices. The common moisture 
absorption test for fiber board is immersion in v;ater and the 
determination of the weight increase at the end of one-half 
hour, four hours, and twenty-four hours. This vjeight increase 
is the total absorbed and capillary v/ater. 
In fiber board, the board is a felted mass with 
air-filled capillary spaces. If these spaces are filled 
with adhesive or resinous plastic, the board becomes a sheet 
of molded plastic which is loaded with fiber as a filler. 
If a sized fiber board is to be made, the degree 
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of sizing should be measured only by the water absorbed in 
the fiber, iiiven absolutely v/aterproof rubber or glass fiber 
would retain capillary water. The best practical test for 
moisture absorbed in the fiber, is to measure a change caused 
by this moisture; for example, the increase in deflection of 
a sample of the pressboard as a cantilever, first dry, and 
then after soaking one-half hour, after four, and after 
twenty-four hours. 
K test machine and a suitable method for a size 
test by deflection were developed, a clamp held a one inch 
by six inch sample strip of pressboard in the position of 
a 4 inch cantilever, a suitably mounted graduated quadrant 
indicated the deflection caused by a weight suspended from 
the outer end of the sample. The test can be expressed in 
per cent increase in deflection per unit cross section with 
a specific load. A perfectly waterproofed fiber would show 
no increase in deflection. The test was applied to the 
study of solvent sizing pressboard and it seamed to show the 
degree of sizing to a better advantage than the commonly 
accepted moisture absorption test. 
Conductivity Method for Drying Time 
During the extensive studies on the manufacture 
of pressboard from cornstalks, there has been vjide disagree­
ment between equally conscientious investigators on the same 
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phases of the work. Perhaps the fundainental cause of 
differences has been changes in the pulp, since processing 
and equipment on the cornstalk pulp research were changed 
again and again. 
In drying pressboard, if the hydraulic press is 
opened too soon, the steam trapped in the board "explodes" 
and blisters the board. A characteristic difficulty under­
lying most pressboard studies has been to determine the 
instant when this danger of explosion is passed. It occurs 
during a critical period in the drying process, because an 
underdried board explodes and an overdried board is evidence 
of poor engineering practice. Cverdrying tends to char the 
board, and equilibrium moisture that can be sold at product 
price has been evaporated at an expense. 
During the pressboard study in a small hydraulic 
press mth electrically heated platens of small heat holding 
capacity, it was observed that the platens were cooled when 
cold pulp mats were introduced. When the former temperature 
was regained evaporation was ended and the pressboard Yi?as 
dry. The use of a thermocouple was a natural step in a 
position where a thermometer was difficult to use. On the 
heavy platens of a commercial press, however, the platens 
did not cool to a sufficient degree. The leads of a thermo­
couple embedded in the board or introduced through a special 
tap in the platen surface allowed passage for steam escape. 
The material dried around the couple and along the leads before 
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the rest of the board was dry. 
The electrical capacitance method used on paper 
machine dryers, while applicable to insulation board drying, 
could not be applied to hydraulic press conditionso 
Advantage v;as, therefore, taken of the change in the electrical 
conductivity of the fiber itself, wet fiber (quite apart 
for the electrolytes often present) conducts electric current. 
The resistance of dry fiber, in the dimensions used in press-
board, measures from 2 to 20 megohms. Early attempts at 
resistance measurement, using either alternating current or 
direct current by means of a voltmeter and tvi/o or three ainmeters, 
sho\ved possibilities. ISxtremely variable data, ho'wever, gave 
no satisfactory resistance curve. 
An electricians "megger" was tried and indicated 
a smooth resistance curve up to several megohms at dryness. 
Next a high resistance voltmeter was used and the series 
voltmeter method of measuring high resistance was applied 
(6). In this method, the voltmeter was used to read, first 
the impressed voltage and, next, the voltage drop in 
series vdth the resistance to be determined. Actually, the 
voltmeter was left continually in series vjith the unknown 
resistance, and that resistance shorted out when the impressed 
voltage was read. From the simple proportion; 
Line Voltapie = Total Resistance 
Series Jester Heading Meter Resistance 
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one readily o"btalns the working formula 
{ E , ,  -  E  ^  )  
—" I ^ ^meter ^unloiown 
meter 
By impressing a constant voltage on a high resistance volt­
meter in series with the pressboard, the meter read the 
impressed voltage on a mat of wet pulp and read continually 
lov/er voltage as the board dried, because an increasing 
portion of the voltage drop occurred across the pressboard. 
voltmeter reading that indicated 2.5 to 3 megohms showed 
that the pressboard had dried belovj the explosion limit, 
figures 26 and 27 are given as a comparison of the 
moisture curve and the resistance curve of a pressboard 
during drying. 
Strips of window screen were found practical for 
electrodes for the lieasurement of the resistance of fiber 
masses. These screens could be used for measuring resistance 
at inacessible points just as a thermocouple is used to 
measure temperature under like circiamstances. For this 
reason, the screens were called "exploring screens". 
Since a four-platen, 30 by 30 inch hydraulic press 
v/as available, an ambitious program of research was mapped. 
As indicated in Chart I, two layers of wet mechanical corn­
stalk pulp, between which were placed four two-inch by twenty 
six-inch exploring screens, were put in the top platen space. 
Three layers, with two sets of exploring screens between them, 
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vieTQ placed in the second platen space. JTour layers, with 
three sots of exploring screens, were placed in the third 
platen space. Five layers of pulp, with four sets of explor­
ing screens, v;ere placed in the bottom platen space. The 
successive checkered columns of Chart I Indicate a time 
sequence of vertical cross sections of the press charge, A 
blank square in the checkerwork indicates Vi?et pulp and a 
cross-hatched or gray square, indicates the first perceptible 
drop in voltmeter reading, A black checker indicates a volt­
meter reading safely below the pressboard explosion limit. 
The complexity of such a test on the hydraulic press 
may be appreciated when one realizes that in the experimental 
test, indicated in Chart I, forty individual readings v/ere 
taken every five minutes over a period of 270 minutes. The 
leads from the exploring scresns were brought out to a veritable 
telephone switchboard and carefully systematized. One 
operator made the contact with a brass pointed stylus while 
the second operator read and recorded the voltmeter readings. 
In the actual research, the separate layers of pulp behaved 
as a single mass, so that a moisture content traverse of these 
masses was obtained all through the drying period, Hotes on 
seventeen such runs follow and indicate difficulties 
experienced and information obtained. The method will be 
the subject of a National Bureau of Standards publication in 
"Industrial and Engineering Chemistry" during the next two 
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or three months. 
Run No. 1. This was a study to compare the large 
steam press with the small electric press. Three-lap boards 
v^ere used on each platen. Strip taps (exploring screens) 
v^ere placed at right angles to each other between alternate 
laps. There were five short circuits on the top platen. 
Hun Ko. 2. This was a check on Hun Ko. 1. The 
pressure was off of the press for some time during the rtin. 
Run Mo. 3. This run was similar to Huns 1 and 2. 
Headings were taken at intersections of the strips, through 
the center lap of each board. A tendency was noted of the 
boards to dry slovjest at the steam outlet side of the press 
and to dry most rapidly at the screen surface (pressboard is 
always dried with one platen or smooth side, and one screen 
side v^hich permits the steam to escape and hastens drying). 
Run No. 4. A six-lap board of mechanical pulp was 
used in an effort to trace more completely the progress of 
drying through the board. Results seemed to bear out the 
observations made in Run 3. 
Run No. 5. Boards of 2, 3, 4, and 5 laps vjere 
used (bottom to top platens respectively) in an effort to get 
comparison between the thickness and the drying time. 
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Mechanical and news pulp vjas used. All strips viqvq placed 
parallel to each other between the laps. Readings \i'ere taken 
from strip to strip through the center laps as well as from 
strip to ground through the outer lap, 
Run Ko. 6. This run was the same as Hun 5 except that 
straight mechanical pulp vjas used to make a comparison between 
the two types of pulp. It vms observed, from curves plotted 
on Huns 5 and 6, that the boards of the bottom platen took 
relatively the longest time to dry, considering the thiclmess. 
It was assumed that heat was being conducted avjay too rapidly 
from this platen through the press ram. It v/as also observed, 
in most cases, that the center point on the platen face of 
the board was the last to dry. 
Run Mo. 7. Run No, 7 was similar to Huns 5 and 5 
except that an undercooked pulp (intended to be cooked) was 
used and the two-lap board was placed on the top platen, 
the five-lap board on the second, the four-lap board on the 
third, and the three-lap board on the bottom platen, in an 
effort to compare the efficiency of the various platens. 
Run No. 8. This run was the same as Run 7 except 
that cooked pulp was used. 
Run No. 9, A single twelve-inch tap v/as used on 
cooked pulp boards of two, three, four, and five-lap thick­
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nesses» placed on tiie platens as described in Run 7* The 
tap was placed between the two laps nearest platen surface, 
since this point was, in most cases, apparently the last 
to dry. 
flun Ho. 10. Him 10 was on single three-lap boards 
of commercial pulp impregnated with 15 per cent paraffin. 
It was thought that this might have the effect of decreasing 
the drying time by increasing the temperature. It was found 
that this was not the case but, rather, the opoosite was 
true. 
Run No. 11. Two, three, and four-lap boards of 
cooked pulp were made into mats of several thicknesses in an 
effort to secure the same dry thickness on the boards of 
different numbers of wet laps and to determine the rate of 
drying. Mats were placed on Platens 2, 3, and 4 (top to 
bottom respectively). The two-lap board on the bottom platen 
took the longest time to dry. 
Hun No. 12. This run was the same as Hun 11 except 
that the mats were placed on Platens 1, 2, and 3 (top to 
bottom respectively) to find the efficiency of the bottom 
platen. Hereafter, the ram v/as insulated from the press. 
Run No. 13. Four three-lap boards of cooked pulp 
were pressed in the Farrel-flirmingham press in order to make 
a comparison of the two presses. 
Run No« 14. Mats were placed on the platens as 
follows: On the bottom platen, No. 4 platen, two wire 
screens,with a single tap between, were placed between tvjo 
single laps of pulp next to the lower platen surface. A 
set of three taps (one 12-inch between two 2~inch) v;as placed 
on the upper lap and another single tap was placed over these. 
On the next platen, No. 3 platen, three laps vdth a set of 
three taps (as above) were placed between the two lower laps. 
On the next platen, Ko. 2 platen, the same procedure was 
followed as with No. 4 platen. On the top platen, No. 1 
platan, a single lap was placed on the platen and a screen 
and plate placed over this vjith a single tap between the 
plate and the screen. Another single lap, with a screen over 
it, Yias placed on the plate. Platens 4 and 2 were used to 
check each other and arranged so as to learn the effect on 
drying time of drying two mats on the same platen, separated 
only by a double screen. Plate 1 was for a similar study of 
mats separated by a plate. There were three short circuits 
in important places and the run was discounted. 
Run No. 15. A set of three taps was placed in a 
double lap board of steamed pulp on Platen 2 and a double set 
of similar mats was separated by two screens on Platen 2. A 
single tap was taken from the screen. This was an effort to 
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compare the time of drying tivo mats per platen with that of 
a single mat« The voltage readings on the screen tap and on 
the twelve-inch tap dropped so slowly that it was decided that 
a higher dry value should be set for them. 
Bun No. 16. This run -was similar to Run 15 except 
that a three-lap and a double three-lap thiclmess v/as used, 
and the sets of three taps (one IE-inch hetvjeen two 2-inch) 
were replaced in some cases by seven 2-inch taps to get a 
resistance gradient across the board for calculating the 
voltage reading to be assigned to -Viride taps. 
Hun No. 17. ;{un 17 was the same as Rim 15 and was 
made to check Hun 15. Seven narrow taps were used instead 
of one wide and tv/o narrow taps. 
Chart II indicates the research ran on drying 
coiiimercial or mechanical-news pressboard. This run is indicated 
in the above runs as Eun No. 5. 
Ohart III indicates the research run on drying 
coolced pulp cornstalk pressboard and is indicated in the above 
runs as Hun No, 3. 
Chart IV indicates the research run on the com­
parison of drying double-lap boards and two pairs of double-
lap boards separated by a double screen in a single platen 
space each. A.s may be noted, there is a decided advantage 
in doubling the platen capacity. This is Hun No. 15# 
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Figura 28 is drawn from ons of the double-laps 
boards of i^un 16, in which seven taps were used to determine 
the resistance gradient. The progress of drying from the 
edges to the center is very clearly indicated, as v/ell as 
the type of curve obtained. 
Figure 29 is a summary drawn from all these studies 
indicating the variation in drying time vdth the thickness 
and pulp type. 
During the seventeen research runs, a transformer 
and tube rectifier, a high resistance voltmeter, and a 
shorting Icey, were built into a convenient portable test set 
foi' operation on llc volts alternating current, fladio 
manufacturers now build an inexpensive high resistance test 
set that v>fould be very suitable. 
It was found extremely difficult to insulate an 
exploring screen from the platen Vijith a single lap board 
and the studies were planned to avoid this difficulty. Since 
then it has been found practical to substitute s single fine 
bate copper wire for exploring screens. In drying a single 
fiber mat between the platen and a drying screen, the wire is 
insulated from the metal by laying a strip of gummed kraft 
tape over the wire, A practical insulation for the leads 
outside the mat v^as soda straws. 
The advantage of the conductivity method in press-
board I'esearch has been described. In comiaercial manufacture, 
as a control instrument, it is a perfectly dependable test 
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against either underdrying or overdrying. It can be used 
to checic the platens of a press for cold spots or defective 
design. It is also perfectly adaptable to insulation 
board drying, particularly in the hydraulic press. It is 
simple, dependable, and inexpensive. 
t 
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THE GQNDUGTOMiTRIO LllilTHOD OF GOOS LI.iUOR ;vNi\LYSlS 
At the completion of the paper studies on \'«heat 
stravi/ at ;imes in 1931, the economic considerations necessitated 
making the most of every economy afforded in order to out­
line a feasible process. In attacking this complicated 
problem one naturally looked for aid to the analagous subject 
of the Icraft vjood pulp process, since considerable vrark had 
been done oy workers in this field. From comparison with 
this process, the higher pentosan and lignin content of the 
spent liquors from the digestion of straw and stalks (on the 
basis of cellulose yield) emphasized the interest in recover­
ing materials of value from the spent liquor, studies 
were, therefore, undertaken on this material, 
procedure 
Girves (3) reported a vuell coordinated method of 
kraft liquor analysis. NaOH and KagCOs were determined by 
HGl titration to the phenolphthalein and methyl orange end 
points. Organic luaterial was precipitated by BaClg. Sulfides, 
sulfites, and thiosulfates v/e^e determined by iodine titration. 
A rather similar procedure was obtained from the Forest 
Products Laboratory at Madison, .Visconsin, through the Institute 
of Paper Chemistry (11). 
- 109 -
In the above methods, a natural coloring material 
in the spent str^v/ liquor changed color during titration 
at about the same range as the color Indicators and obscured 
their color changes. Heath (8) and Heath, Bray, and Curran 
(9) ol' the Forest Products Laboratory, encountered similar 
difficulties on spent kraft liquor from wood; that is, color, 
occlusion, and in potentiometry buffering action. They 
reported on an amaionium chloride distillation of the spent 
liquor. The products of distillation, HgS, 00^, and NH3, 
were absorbed and titrated to determine NaOH, NagGOg, and 
NagS. The method renuired delicate manipulation and rather 
elaborate enuipment, considering the amount of data obtained. 
In the meantime, Kolthoff (12) had published a 
general article on the principle and applications of con-
ductometric titrations. In this method, end points in the 
neutralizing and in the precipitation titrations of volumetric 
analysis are indicated by changes in the slope of the con­
ductivity curves during the titration. Difficulties with 
buffer action, obscured color changes, and occlusion are 
eliminated. 
Two further articles on the application of con-
ductometric titrations are that by Grant (7) and that by 
V/eiss (25). 
A conductometric test set, Figure 30, was built 
using 110 volt, 60 cycle current, stainless steel electrodes. 
- 110 -
mechanical agitation, a vrater hath for steady temperature, 
and a voltraster and an ammeter replaced the more elaborate 
enuipment used by Kolthoff. 
After extensive investigation of the application 
of the method to kraft lir-uor, tvro methods of analysis were 
developed. An HOI titration of a first sample combined with 
precipitation procedure on a second sample constituted 
the first method, Figures 32 and 34.- SaClg or SrGlg was used 
to determine the NagSOs', CuSO^ or PbNOs, was used to determine 
the NagS', and HgClg was used to determine the IJa^SgOg. The 
second and simpler method, Figures 37 and 33, was to combine 
an acid titration of a first sample with an acid titration 
of a second sample precipitated with BaClg. 
Figures 35 and 36 show the application of the simple 
HGl-BaCla method as a routine test to follov;? the formation of 
carbonate from caustic soda during an atmospheric soda 
digestion of straw. The abrupt drop in these curves was later 
recognized to be a local condition in the digester, since the 
coolc liquor Y^as not vaell circulated through the charge of 
straw. The tests v;ere' run very satisfactorily by comparatively 
inexperienced laboratory assistants. 
An application of conductometrie titrations . 
incidental to this study vi/as the titration of the crude 
pyroligneous acid and the acid distillate of pyroligneous 
acid from the destructive distillation of agricultural wastes, 
Fi^^ures 31 and 32. 
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Only a relative agreement was obtained, and the distillation 
corresponded more closely to actual coiatuercial processing. 
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PRECIPITATION OF OHGMIC MaTiSRIAL FROM 
STRAY/ SP3NT KRAFT LliOOR 
During experimental -work on the spent Icraft 
liquor from straw digestions it v;as found that neutralizing 
the alkaline li-uor v/ith nearly any acid,except carbonic 
acid, precipitated heavy brown flooculent organic loaterial. 
Galciura chloride gave a like precipitation from the alkaline 
spent liquor. If the spent liquor was precipitated at 
about 70°G., a smaller volume of more readily filterable 
material was obtained. On filtering out the precipitates, 
a clear yellow or orange filtrate was obtained. The 
precipitate liquified on heating and caramslized rather 
readily on further heating. 
In this connection, the liquor from a water digestion 
of straw treated with lime, at near boiling temperature, v;ill 
form a precipitate of organic material. 
Regeneration of Spent Gook Liquor and 
precipitation of the Organic Matter 
The precipitation reaction from neutralizing spent 
alkaline pulp li-uors is very interesting, because it may be a 
practical process of separating organic material and regener­
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ating spent liquor. The process vjould call for pre­
cipitating, filtering, and pressing the organic material; 
and regenerating the digesting liquor by causticizihg the 
filtrate, filtering and fortifying vjith fresh alkali. It 
should be treated with either an agent that forms an 
insoluble salt in causticizing or one that contributes no 
undesirable action to digestion, 
precipitation of Lignin and Pentosan in Paper 
Waste kraft liquor was added to slush pulp samples 
the lignin and pentosan precipitated in the fiber by either 
or GaClg, and sheets were made from the mixt;ire. The 
pulps were slow (the vrater drained slov.'ly as a sheet was 
formed) and the sheets were greatly darkened by the organic 
precipitate. The sheets shrunk and thickened in drying and 
seemed tougher, though the burst test did not shov; increased 
strength. 
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SUI.3MAHY MD CONCLUSIONS 
Wet or moist attrition treatment of cornstalks frees 
the pith from the cortex fiber. Moist attrition 
treatment yields the most desirable cortex fiber for 
paper making. An upward flov>' of water agitated with air 
through the screen cover of a tank frees the cortex of 
pith and fine fiber, ,Vater flotation allov^s the fine 
fiber to settle away from the floating pith. The cost 
is nominal and the products each have commercial uses. 
A yield of 70 per cent over all is obtained and a 50 
to 60 per cent yield of pith is obtained. 
Dry attrition treatment of cornstalks frees the cortex 
of pith. Separation by air on an inclined baffle board 
or centrifugal air separation, gives one fraction of 
pith and fine fiber, and a second fraction of heavy 
cortex fiber. 
The power consumption of attrition treatment is greatest 
on wet stalks, moderate on moist stalks, and low on 
dry stalks, 
.iuite complicated forms of products from cornstalk fiber, 
such as window sash and fiber pipe, can be pressed and 
moulded as one-piece structures. These can be cheaply 
made and they show exceptional structural strength. 
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Cornstalk pressboard can be made very rsiolsturo resistant 
by solvent sizing^ A deflection test dry and after 
immersion is a good measure of moisture resistance. 
Meas\irement of the conductivity of press board during 
drying in the hydraulic press is a dependable means of 
determining the tiitie at which the board is dry enougli 
not to explode. Conductivity tests of pressed boards 
;vill show defects in press heating. Conductivity tests 
are suited to research work on pressed fiber. 
Conductometrie titration can be appli.ed to the analysis 
of cook lir-uors. A voltmeter and amiaeter are an 
advantage of the set in conductometric analysis used 
in this work. 
Organic material is precipitated from spent alkaline 
stravj cook liquors by nearly any acid or by soluble 
salts of the Ca 3a Sr group. 
Spent alkaline cook lir-uor can be regenerated by pre­
cipitating the organic jnaterial ,cau3ticizing, and fortify­
ing -with fresh alkali. 
Organic matter precipitated in paper by H2SO4 or CaClg 
slows the pulp and causes shrinkage in the paper. The 
paper strength is not Increased. 
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